In preceding papers (1, 2) we have reported observations concerning the effect of regular and irregular tachycardia (auricular fibrillation) on the rate of blood flow in normal unanesthetized dogs.
In preceding papers (1, 2) we have reported observations concerning the effect of regular and irregular tachycardia (auricular fibrillation) on the rate of blood flow in normal unanesthetized dogs.
The terms "rate of blood flow" and "relative blood flow" have been used in these investigations (1, 2) to denote specific functions. The rate ofbloodflow refers to the arterio-venous difference in oxygen. The difference corresponds to the tissue utilization of this gas. The volume of gas which the tissues take depends of course on the volume of blood which passes them. If their requirements (that is to say, metabolism) remain constant, the amount of oxygen taken must remain constant, provided that the volume of the blood and the partial pressure of the gases in it, also remain constant. We infer that if the arterio-venous difference changes, either by increase or by diminution, the volume of blood which passes the tissues must have changed, for there is no reason to believe that there has been change in any of the other possible factors. Obviously, the data do not permit definitive inferences to be drawn on the cardiac output, for we lack knowledge in these experiments of the amount of oxygen which has been breathed. O1 ; We have taken in a given animal, the arterio-venous difference to represent 100, when the mechanism of his heart beat is normal. We have also estimated it under the conditions developed by various abnormal rhythms and have found a ratio between the normal and the abnormal figures. This ratio we call relative blood flow. If, for 317 Downloaded from http://www.jci.org on June 1, 2017. https://doi.org/10.1172/JCI100162 instance, the arterio-venous oxygen difference is 1.5 mM. during a normal period and increases to 3.0 mM. during an artificial rhythm, the rate of flow during the artifical rhythm must have been slower during the second period. The ratio between the two then is 1.5/3.0 or 50 per cent.
It was found that the rate of blood flow was uniformly deceased in auricular fibrillation. In regular tachycardia, on the other hand, the rate of blood flow was unchanged in two-thirds of the observations, but in one-third it was decreased. Why the rate of blood flow was unchanged in some dogs during regular tachycardia and decreased in others was not evident from the data which we had. On reflection, it appeared that the difference is not due to absolute increase in heart rate for we have increased the regular rate to 390 per minute without changing the rate of blood flow, while on other occasions a decrease occurred during rates of 250 to 280 per minute. Nor does it seem to be due to the percentile increase in rate. For instance, an increase of 50 per cent was followed by a decrease in rate of blood flow; while an increase of 129 per cent occurred without any change; that is to say an increase of 50 per cent or 100 per cent may leave the blood flow unchanged or bring about a decrease (2) . The difference may, of course, lie in differences in the hearts themselves, for the response of one heart to approximately the same stimuli is not always the same as that of another. Such differences cannot, however, now be detected by measurement. It occurred to us that the presence of ineffective beats (the pulse deficit) might be one of the factors concerned in bringing about a change in the rate of blood flow which has been found in our experiments. This factor occurred to us as a possibility because we are already familiar with its occurrence in rapid auricular fibrillation in patients. We have therefore correlated in a series of experiments the rate of blood flow with the pulse deficit in regular and irregular tachycardia in the same dog. These experiments form the subject of this paper.
METHODS
The operative procedure used in the preparation of the dogs and the method of investigation were described in preceding papers (1, 2) . Briefly, wire electrodes were sutured to the right auricles. The operations were performed with sterile 318 Downloaded from http://www.jci.org on June 1, 2017. https://doi.org/10.1172/JCI100162
precautions. The dogs were anesthetized with ether given by the intratracheal method. After the dogs recovered from the preliminary operation the heart was stimulated through these electrodes and the effect of the new rhythm on the rate of blood flow was studied. Irregular tachycardia (auricular fibrillation) was brought about by means of a faradic current. Regular tachycardias were maintained by means of single induced break shocks thrown into the auricle at a regular rapid rate, which could be varied as desired. The apparatus which we used to obtain these stimuli was described in a previous paper (2) . In order to calculate the pulse deficit we have recorded simultaneously on the same fihm the electrocardiogram and a tracing of the femoral pulse. The femoral pulse was transmitted by rubber tubing from a rubber cuff applied to the right hind leg through the Kolls and Kubie modifications of the Erlanger capsule (3, 4) to a Frank capsule placed in front of the camera. The rubber cuff on the leg was inflated with air to a pressure near the diastolic level. The movements of a beam of light focused on the mirror glued to the membrane of the Frank capsule were reflected to the lens of the camera and were traced on the moving sensitive film.
The oxygen content of four samples of arterial and of mixed venous blood (5, 6) was estimated by the Van Slyke and Neil manometric method (7) and the relative blood flow calculated The first samples were taken during the period of normal rhythm; the second, after auricular fibrillation had been present for one hour and while it was still present; the third, one to two hours after the return to the normal rhythm; and the fourth, one hour after the onset of regular tachycardia maintained artificially near the same ventricular rate as that found during the fibrillatory period. The pulse deficits were calculated from simultaneous electrocardiograms and femoral pulse tracings taken at the time the blood samples were drawn. In some animals the observations were made first during regular tachycardia while in others first during the period of fibrillation, but a rest period of one to two hours intervened between the two sets of observations in order to avoid confusion from the effect of the two mechanisms on the blood flow. As before, the dogs lay quietly on the table without anesthesia and were so far as we know in a basal metabolic state on the day of the experiment. Under these conditions we have, as has been said, interpreted changes in the oxygen consumed per liter of blood (that is to say, the difference between the oxygen content of the arterial and of the mixed venous blood) as representing changes in rate of blood flow and not to changes in metabolism. And the ratio of the oxygen consumed in the two periods gives therefore the relative blood flow. We did not attempt to estimate the oxygen absorption of the dogs because of the wide variation in results obtained in untrained, unanesthetized dogs.-The basal oxygen consumption of an untrained dog presumably does not differ from that of the same dog lying in the same position after training. The untrained dog, however, reacts to the procedure used in measuring the oxygen consumption by emotional disturbances with attendant changes in oxygen consumption, while one trained to those procedures is not disturbed by them. We have estimated the oxygen consumption in a few trained 
OBSERVATIONS
The correlation of the rate of blood flow and pulse deficit in auricular fibrillation
There are 10 sets of observations on 10 dogs (table 1) . In all there was a decrease in rate of blood flow ranging from 20 to 54 per cent during the fibrillatory period. During the natural normal rhythm all the beats were effective, but during the period of auricular fibrillation there were pulse deficits ranging between 50 and 200 per minute, the ventricular rates ranging between 290 and 350 per minute.
A comparison of the effect of auricular fibrillation and regular tackycardia in the same dog
In 6 dogs we have observations on the rate of blood flow and the pulse deficit during regular tachycardia as well as during auricular fibrillation (table 2). The rate of blood flow in dog 14 was unchanged during the regular tachycardia; there was no pulse deficit even when the heart was beating at a rate of 370 per minute ( fig. 1 ). During auricular fibrillation the rate of blood flow was decreased 45 per cent but there was a pulse deficit of 70 to 120 per minute, the ventricular rate varying between 290 and 340 per minute. The rhythms which obtained at the time the blood samples were taken in this dog were recorded electrocardiographically with simultaneous tracings of the femoral pulse ( fig. 2) . Similar results were obtained in 4 The unexpected decrease may be explained by the fact that at times all the beats were effective, while at other times only every other beat, that is to say, there was a pulse deficit of 175 per minute. The rhythms which were present at the time the blood samples were drawn were recorded electrocardiographically and simultaneous femoral pulse tracings made (fig. 4) . A similar state was found to exist in the case of dog 16.
In 6 dogs, therefore, there was a decrease in rate of blood flow during auricular fibrillation and a pulse deficit was present in each instance. a was made during the normal rhythm; b during auricular fibrillation and c at the end of the fibrillatory period. The return to the normal rhythm is shown. In curve b all of the ventricular beats are effective while in c and other portions of the record there is an occasional pulse deficit. The curves are reduced to twothirds of their natural size. DISCUSSION We have shown in these experiments that whenever a decrease in rate of blood flow occurred a pulse deficit was found to be present. The pulse deficit cannot, however, be the only factor involved, for in many instances when it was found, the number of beats which were A. (8) . In the second place, as we have previously shown (9) , dilatation of the heart may have occurred sometimes to the extent that the muscle fibers attained a length greater than optimal so that the heart began to fail in output. In the third place, continuous rapid rates may have brought on a state of fatigue associated perhaps with a fall in aortic pressure, consequent decrease in the rate of coronary artery flow, followed by undernutrition of the muscle an.d decrease in contractile function. What part each of these factors played in the net result naturally cannot be estimated.
SUMMARY
The rate of blood flow and pulse deficit have been correlated in artifically induced regular and irregular tachycardia in normal unanesthetized dogs. It was found that:
1. During rapid auricular fibrillation the rate of blood flow was decreased and a pulse deficit was present.
2. During regular tachycardia there was no pulse deficit when the rate of blood flow was unchanged, but a pulse deficit was present when the rate of blood flow was decreased.
3. We have shown, what we supposed was the case, namely, that there is a positive correlation between rate of blood flow and pulse deficit.
CONCLUSIONS
In spite of the correlation which exists between pulse deficit and rate of blood flow in these experiments, there need be and there probably is no causal relation between them. Rather they both may occur as the result of the presence of one or more other factors such as decreased filling time, decreased aortic pressure and cardiac dilatation. 
